A one-dimensional nonlinear ice age model developed by J. Imbrie and J. Z. Imbrie was used to investigate the 100,000 year cycle in climate records. It was already known that the model could mimic the 100,000 year cycle in the climate response, but it was not clear how this strong response was created. It is shown in this paper that the interference between the spectral components in the solar heating of 19,000 years and 23,000 years gives rise to an amplitude modulation, and how this modulation is converted by the nonlinearity to a 100,000 year cycle in the climate response.
II found a strong 100 K cycle in the climate response y(t), by using a realistic heating function x(t) which contained most energy in cycles of 19, 23, and 41 K. They found the best fit with observed climate variations of the last 150 K by choosing the following parameter setting: Tm= 17 K, b = 0.6. This means that the II system is highly nonlinear. It was, however, not clear why this nonlinearity gave rise to a very strong 100 K cycle in the response.
The goal of this paper is to clarify the source of the 100 K cycle. In order to do this, the model was integrated using several different heating functions x(t). The spectra of the responses were used to trace down the origin of the 100 K cycle.
METHODS OF ANALYSIS
The heating functions that have been used in this study are superpositions of three oscillations: The main feature of the spectra of the responses to harmonic heating functions is the strong peak at the frequency at which the system is forced. The spectral energy of the climate response is contained within a narrow spectral band (or equivalently, the climate response is almost sinusoidal) despite the fact that the system is highly nonliner. This is because the climate adjusts itself in such a way that the time-averaged climate is warmer than it would be in the case of a constant solar heating with the same mean. This has the effect that the ice sheet spends about the same amount of time "growing" as it is "decaying," despite the fact that the time constants for growth and decay are quite different (see (1)).
The fact that the response is not exactly sinusoidal can be seen in Figure 2, The time series of the heating and the climate response for case 1 is shown in Figure 3 ; the spectrum of the response is shown in Figure 4 . The amplitude modulation is clearly visible in Figure 3 . Note that the climate response depends only on the amplitude of the beat and is insensitive to the sign of the modulation. This is caused by the fact that the "growth time" of the ice sheets is so much larger than the "decay time." This has the effect that the climate becomes warmer whenever the amplitude of the beat increases, and this occurs with a period of 109 K.
It is therefore not surprising that the most important feature of the spectrum is the strong spectral component at 109 K. This component corresponds to an oscillation with a period of a half beat time. As already noted, the reason for this is that the climate response is only determined by the amplitude of the modulation, but not by the sign of the modulation. This modulation effect is so strong that the 109 K cycle contains even more energy than the 19 and 23 K cycles at which the system is forced.
Note that the II model behaves similar to the model of Wigley [1976] or the "half wave rectifier" model of Birchfield [1977] . In all these models the strong 100 K cycle is generated because a positive response is in some sense favored to a negative response. The only difference is that the models of Birchfield and Wigley show a strong response at the "sum frequency" (corresponding to a period of 10.4 K), whereas this 
« T• >> max (T/, T•)
This condition is certainly not satisfied for cases 2 and 3 (see the tabulation above).
VARIATIONS OF THE NONLINEARITY PARAMETER
To see the role of the nonlinearity more clearly, several experiments were done in which the nonlinearity parameter (b) was varied, using the heating function of case 1. This case was chosen because it gave rise to an extremely strong 109 K cycle. The heating and the climate response in the "very nonlinear 
CONCLUSION
The nonlinear dynamical system of II has been integrated using heating functions that were superpositions of oscillations with periods of 19, 23, and 41 K. The climate response to these heating functions contains essentially one frequency if the heating is harmonic. This confirms that the 109 K cycle in the response is not an internal resonance of the system [see Le Treut and Ghil, 1983] .
If the system is forced with a heating function containing two frequency components, the climate response has a pronounced spectral component that is determined by the amplitude modulation of the heating. This effect is particularly strong if the system is forced at 19 and 23 K.
The 109 K peak in the spectrum of the climate response of the II system appears therefore to be caused by an interference of the 19 and 23 K cycles, which gives rise to an amplitude modulation. The nonlinearity converts this amplitude modulation to a 109 K cycle. Just as in Wigley [1976] 
